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S. Giordano1, A. Ciaravella2, J.C. Raymond3, Y.-K. Ko4, and R. Suleiman3
Abstract. Ultraviolet spectra of the extended solar corona have been routinely obtained
by SoHO/UVCS since 1996. Sudden variations of spectral parameters are mainly due
to the detection of Coronal Mass Ejections (CMEs) crossing the instrumental slit. We
present a catalog of CME ultraviolet spectra based upon a systematic search of events
in the LASCO CME catalog, and we discuss their statistical properties. Our catalog in-
cludes 1059 events through the end of 2005, covering nearly a full solar cycle. It is on-
line available at the URL http : //solarweb.oato.inaf.it/UVCS CME and embedded in
the online LASCO CME catalog (http : //cdaw.gsfc.nasa.gov/CME list). The emission
lines observed provide diagnostics of CME plasma parameters, such as the light-of-sight
velocity, density and temperature and allow to link the CME onset data to the extended
corona white-light images. The catalog indicates whether there are clear signatures of
features such as shock waves, current sheets, O VI flares, helical motions and which part
of the CME structures (front, cavity or prominence material) are detected. The most com-
mon detected structure is the cool prominence material (in about 70% of the events).
For each event, the catalog also contains movie, images, plots and information relevant
to address detailed scientific investigations. The number of events detected in UV is about
1/10 of the LASCO CMEs, and about 1/4 of the halo events. We find that UVCS tends
to detect faster, more massive and energetic CME than LASCO and for about 40% of
the events events it has been possible to determine the plasma light-of-sight velocity.
1. Introduction
Coronal Mass Ejections (CMEs) are dramatic eruptions
of magnetized plasma from the Sun into the interplanetary
medium observed for the first time from space in 1971 by
the Orbiting Solar Observatory (OSO) coronagraph [Tou-
sey , 1973]. Over the next two decades, CMEs were de-
tected by white-light spaceborne coronagraphs aboard Sky-
lab, P87-1 and Solar Maximum Mission (SMM) and ground-
based K-Coronameter at Mauna Loa. Only few ultraviolet
spectra of coronal transient events were available before the
Solar and Heliospheric Observatory (SoHO) mission, in par-
ticular a couple of prominence eruptions observed in the
low corona (below ∼1.5R⊙) by SO55 experiment aboard
Skylab [Schmahl and Hildner , 1977] and by UVSP exper-
iment aboard SMM [Fontenla and Poland , 1989]. Since
the launch of the SoHO the Large Angle and Spectrometric
Coronagraph (LASCO) telescope routinely observed CMEs
in white-light images, increasing by about an order of magni-
tude the number of events previously known and for the first
time ultraviolet spectroscopic observations of CMEs have
been obtained with the UltraViolet Coronagraph Spectrom-
eter (UVCS) and at lower heights by the Solar Ultraviolet
Measurements of Emitted Radiation (SUMER) and Coronal
Diagnostic Spectrometer (CDS) spectrographs telescopes.
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These spectroscopic observations have been an important
link between the EUV and X-ray imaging of the CME on-
set obtained with EUV Imaging Telescope (EIT), Transition
Region and Coronal Explorer (TRACE) or Hinode/X-Ray
Telescope (XRT) and the white-light images by LASCO C2
and C3 coronagraphs (e.g. Gallagher et al. [2003]; Mancuso
[2007]; Landi et al. [2010]). UV spectra provide important
diagnostics of the CME plasma, and in many observations
the UV spectra overlap with the white-light images, allowing
further diagnostics of the CME plasma.
Doppler shifts of the CME front and prominence core
have shown very large line of sight (LOS) speeds in many
events, including some originating at the limb. The LOS
speed combined with the LASCO plane-of-sky speed can
be used to determine the total speed and the angle with
the plane of the sky. The latter has been used to compute
the true height of the observed portion of the CME [Ciar-
avella et al., 2005, 2006]. In this way, Doppler shift mea-
surements from UVCS are needed for the 3D reconstruction
of the true CME morphology and speed [Ciaravella et al.,
2000; Lee et al., 2006, 2009] and to identify CMEs originat-
ing from the backside of solar limb [Mierla and Giordano,
2007]. Sometimes changes in the Doppler shift with time
suggest helical motion [Antonucci et al., 1997; Ciaravella
et al., 1997, 2000, 2001].
An independent diagnostic for the total (outflow) speed
of a CME comes from the ratio between lines with collisional
and radiative components, such as the O VI λλ1032, 1037
doublet. The radiative component originates from the res-
onant scattering of the chromospheric line by oxygen ions
of the corona. As the ions move outward in the corona,
the radiative component dims because the solar emission
and coronal absorption profiles are Doppler shifted apart.
Nearby lines of C II λλ1036.34, 1037.02 can pump the ra-
diative component of the λ1037 line at outflow speeds of
170 and 370 km s−1, respectively [Li et al., 1998; Dodero
et al., 1998]. In the 2000 June 28 CME [Raymond and Cia-
ravella, 2004] obtained outflow speeds in different regions of
1650 km s−1 and 1810 km s−1 from the detection of pump-
ing of the λ1037 line by λ1032 and λ1032 line by H I Lyβ
λ1026 respectively.
1
X - 2 GIORDANO ET AL.: UVCS/SOHO CME CATALOG
Density diagnostics for CMEs have been obtained from
O VI doublet ratios or from density sensitive line ratios such
as O V λλ1213.85, 1218.39 [Ciaravella et al., 1999; Akmal
et al., 2001; Raymond and Ciaravella, 2004; Lee et al., 2009;
Murphy et al., 2011]. It is also possible to obtain the den-
sity by dividing the emission measure, ne
2L, derived from
emission line intensities, by the column density, neL, which
is derived from white-light coronagraph images [Ciaravella
and Raymond , 2008; Lee et al., 2009; Murphy et al., 2011].
The combination of density and ionization state makes it
possible to infer the heating rate in the ejected plasma [Ak-
mal et al., 2001; Lee et al., 2009; Landi et al., 2010; Murphy
et al., 2011]. In some cases the number of simultaneously ob-
served spectral lines allows to determine the elemental com-
position of the ejected plasma and to infer where the CME
material originated [Ciaravella et al., 1997, 2002, 2003].
The analysis of line profiles provides diagnostics of sev-
eral properties of the detected plasma, such as temperature,
bulk expansion or shocks. Both expansion of the emitting
volume and increasing temperature contribute to broaden-
ing the line profiles [Raymond et al., 2000; Ciaravella et al.,
1997, 2005]. The heating due to the passage of a shock
causes broad wings mainly in the ions. The neutral atoms,
like the hydrogen, are not directly affected by an MHD col-
lisionless shock, but they react on a longer timescale follow-
ing charge transfer with protons and ionization by electrons.
Detections of broad O VI line wings have shown the pres-
ence of shocks in several CME fronts [Raymond et al., 2000;
Mancuso et al., 2002; Raouafi et al., 2004; Ciaravella et al.,
2005, 2006; Mancuso and Avetta, 2008; Bemporad et al.,
2010; Mancuso, 2011].
Evidence for current sheets (CS) in the wake of CMEs has
been detected in the UV spectra as spatially very narrow
emission in the hot (6 × 106 K) line of Fe XVIII [Ciaravella
et al., 2002; Raymond et al., 2003; Ko et al., 2003; Bemporad
et al., 2006; Ciaravella and Raymond , 2008; Schettino et al.,
2009], supporting models that emphasize the role of the re-
connection current sheet connecting the detaching flux rope
to the post-CME arches in the dynamics of the CME [Lin
and Forbes, 2000]. UVCS observations have been used also
to test the Vrsˇnak et al. [2009] model of post-CME CS [Ko
et al., 2010] by comparing calculated and observed physical
properties inside the post-CME CS. Magnetic reconnection
layers induced by plasma expansion of slow CME has been
identified also by comparing structures detected in white-
light images from LASCO and in UV radiation from UVCS
[Bemporad et al., 2008; Poletto et al., 2008]. Observations of
narrow bright feature in the Fe XVIII which provides esti-
mated of CS thickness and temperatures far larger that ex-
pected [Ciaravella and Raymond , 2008] could be explained
by plasma turbulent reconnection [Bemporad , 2008].
CMEs are most often seen in lines of cool ions such as
O VI, H I Lyα and C III. This is erupting prominence ma-
terial that is denser than its surroundings. It often takes
the form of long filaments, presumably tracing out magnetic
field structures. The bright prominence cores have been de-
tected in the 3 part structured CMEs; the bright core inside
a dark void surrounded by the CME front. The observed
bright filament cores exhibit the most variable Doppler shift
signatures in UVCS data. Voids are usually detected as de-
pletion in the background corona emission although some-
time some weak diffuse emission from hot lines such as Si
XII has been observed [Ciaravella et al., 2003]. The leading
edge is usually seen as a modest brightening of the usual
coronal lines.
This paper presents the results of a systematic search for
CMEs in archival UVCS data. We have created a catalog of
1059 events mainly based on the CDAW catalog of CMEs
observed by LASCO between 1996 and 2005 [Yashiro et al.,
2004; Gopalswamy et al., 2009]. The catalog entry for each
event includes a movie of LASCO difference images with
the UVCS slit positions overlaid, a list of detected emis-
sion lines, maximum and minimum Doppler velocities, and
2D images of line intensities as functions of polar angle and
time. It also indicates whether signatures of CME features
such as shock fronts, current sheets or prominence mate-
rial are present. The catalog more than triples the number
of known UVCS observations of current sheets and of de-
tections of O VI emission from flares scattered by coronal
ions [Johnson et al., 2011]. We discuss the selection criteria
for CMEs in the UVCS data and the criteria for identifying
physical features such as shock waves and current sheets.
The catalog, here briefly described, is available online to
the community hosted by the Astrophysical Observatory of
Torino and also included into CDAW LASCO catalog, more-
over, a search tool is provided to select events which meet
user-given parameters. Following the description of the cat-
alog, we examine the statistics of CMEs observed by UVCS,
such as CME frequency during the solar cycle, and com-
pare them with the white-light properties from LASCO. In
general, UVCS sees about one tenth of the LASCO CMEs,
with a bias toward the more massive, more energetic and
wider events. The Doppler shifts are on average about 1/10
of the speeds of the leading edges from the CDAW catalog,
both because most UVCS events occur near the limb and be-
cause UVCS often observes the slower prominence material.
Finally, we present a summary of the observed intensities
from the main detected spectral lines which can be useful
for designing new instruments to observe CMEs in the UV
wavelength range.
2. UVCS Observation of CMEs
UVCS is a slit spectrometer designed for observation of
the solar corona from 1.4 up to 10 R⊙. The instrumental
slit, 40′ long, is perpendicular to the sunward direction on
the plane of the sky, and its width can be varied from few
arcseconds up to 84′′. It can be rotated by 360◦ to cover the
full corona. The spectrometer has two UV channels, LYA
and OVI, optimized to detect the H I Lyα 1216A˚ line and
the O VI λλ1032, 1037 doublet, respectively. They cover
from 945 to 1270 A˚ in first order and from 473 to 635 A˚ in
second order (see Kohl et al. [1995] for a detailed description
of the instrument). The OVI channel also includes a redun-
dant path that focuses the H I Lyα line onto the detector.
The spectra are two dimensional images of 360 × 1024 pix-
els giving the line intensity distribution along the slit as a
function of the wavelength. The spatial pixel is 7′′ while
spectral pixels are 0.0993 A˚ (0.0915 A˚ for the redundant
path) and 0.1437A˚ for OVI and LYA channels, respectively.
Due to telemetry limitations the detectors can be masked
to select the wavelength ranges of interest with the desired
spectral and spatial binning. The full detector can be ob-
tained with a spectral binning of 2 pixels and a spatial of 10
pixels, but most observations trade some spectral coverage
for spatial resolution of 3 or 6 pixels. The UVCS observa-
tions of CMEs include a wide range of UVCS instrument
parameters, as most CMEs were detected during observa-
tions intended for other purposes. Therefore exposure time
varies between from 120 sec during a CME watch to 600 sec
during coronal hole observations. The CME watch programs
maintain one position for hours or switch between two he-
liocentric heights. Most of CMEs were observed during the
daily synoptic scans, that lasted about 12h and scanned the
corona at eight polar angles (PA) and several heliocentric
heights.
The observation period included in the CME catalog cov-
ers most of the solar cycle. It starts at the beginning of
the UVCS science observations, April 1st 1996, near solar
minimum and goes through the end of 2005, well into the
declining phase. The total exposure time of ∼ 6.1 · 104 s,
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corresponds to a time coverage of about 71%, distributed
over different roll angles and altitudes. Figure 1 shows the
UVCS observation time as functions of year, roll angle and
heliocentric distance during the selected period. The lower
values of observation time during 1998 and 1999 are due to
periods in which SoHO was not observing. The middle panel
of Figure 1 shows that the longest observation times are at
the eight polar angles used during daily synoptic program,
which scans the full corona with 45◦ angular step. Although
UVCS also observed at very high heights, especially during
comet or star observations, most of the observation time was
spent below 3.1 R⊙ with a maximum at 1.7 R⊙, see bottom
panel of Figure 1. A general review of the CME scientific
results obtained with the first decade of UVCS observations
has been presented by Kohl et al. [2006].
3. UVCS CME Catalog
UVCS operators and lead scientists through visual in-
spection of spectral quick look data compiled a prelimi-
nary list of about 300 CMEs detected by UVCS, we used
this list as a guide for implementing a systematic search
through the entire UVCS observations catalog, embedded
in the UVCS data analysis software available as Interac-
tive Data Language (IDL) routines in solarsoft [Freeland
and Handy , 1998]. Our data selection is driven by the
SoHO/LASCO CME catalog available at the CDAW Data
Center (http : //cdaw.gsfc.nasa.gov/CME list; Gopalswamy
et al. [2009]). For each event in the LASCO CME cat-
alog we searched the UVCS data in a time window cov-
ering from one hour prior to the CME onset time, esti-
mated from LASCO C2 coronal observations, to 4 hours
after the time when the CME is expected to leave the UVCS
field of view, (in some case this time window has been ex-
tended to include long lifetime CME-related features, such
as the current sheets). Then we select observations point-
ing within the latitudinal region spanned by the expanding
plasma, determined by the angular width parameter in the
LASCO catalog. Once the UVCS data potentially contain-
ing a CME observation have been selected, a specially de-
signed software tool was used to look for temporal changes
in line strengths, line widths and line centroids associated
with the CME. The software produced height-time intensity,
width, centroid and running difference maps which made it
easy to detect changes in any chosen spectral line. When
temporal variations of a spectral parameter are identified,
the event is listed as a UVCS CME in the catalog and the
software allows to create an hyper-textual page with em-
bedded a LASCO movie of the event with the UVCS slit
positions superposed. For each UVCS CME identified, by
using the NGDC/NOAA events catalogs (available at the
URL: ftp : //ftp.ngdc.noaa.gov/STP/SOLAR DATA), we
checked, in the time spent by the CME to expand into solar
corona, the detection of a type II radio burst, signature of
CME-driven shock, and the detection of X-ray flares in a
short time window around the CME onset. Then the likely
association between CME in UVCS catalog and type II radio
burst and X-ray flare is recorded into the single event pages.
More than 98% of the CMEs identified in UVCS data have
been detected also by LASCO, therefore, they are recorded
with a same identification number which allow to link each
other the two catalogs. However, a small number of CMEs
without correspondence to a LASCO event were discovered
in UVCS data (see Table 1) and included in our catalog. As
with the LASCO catalog, the UVCS CME catalog is a liv-
ing document, which can have some minor revisions in the
future to include new events discovered or in case of more
detailed analysis of known events which can provide new
interpretation of observed features.
The catalog of CMEs observed by UVCS is now avail-
able to the scientific community at the URL: http :
//solarweb.oato.inaf.it/UVCS CME. The top panel of Fig-
ure 2 shows the main page of the catalog as a matrix of year
and month of observation. By clicking on a month in that
matrix a list of the events is displayed, then by clicking on
a single date the user opens a page containing some general
information on the CME and a tutorial on the UVCS in-
strument and spectral analysis. It lists the UVCS data files,
the time of first detection by UVCS, the heights at which
the CME was observed, the maximum blue and red shift in
km s−1, the wavelength ranges covered in the UVCS spec-
tra and the lines in which the CME is detected. Each event
page contains a frame from a movie of LASCO C2 difference
images with the UVCS slit superimposed is also shown, see
Figure 3. A set of 2D images of the CME in selected lines
give the line intensity during the observation as a function
of time and the polar angle position along the slit measured
counterclockwise from north pole. Doppler velocity images
can also be included, and they give the Doppler shift from
the variation of centroid for selected spectral lines with re-
spect to the background corona as a function of the time
and position along the slit. Figure 4 shows the 2000 June
28 CME [Ciaravella et al., 2005] H I Lyα 1216A˚ spectral
line intensity image (left panel), the corresponding Doppler
shift measured in H I Lyα (middle panel) and the line width
(right panel). The very bright, filamentary H I Lyα emis-
sion is characteristic of ejected prominence material. The
large line width early in the event results from bulk mo-
tion of the plasma along the line of sight, while the small
line widths late in the event indicate proton temperatures
far below coronal values. The velocity shown in the fig-
ure is computed from the line centroid with respect to the
pre-CME corona, and the highest velocity material moves
at -1800 km s−1 as inferred from the pumping of OVI dou-
blet lines mentioned in Section 1. In general the Doppler
velocity maps from line centroid represent a lower limit of
the line of sight velocity determined by computing the max-
imum Doppler shift of the observed feature with respect to
the central wavelength value of the pre-CME spectral line
emission. The same event is shown in the O VI 1032A˚ line
in Figure 5. The overall structure is quite similar to that in
H I Lyα, except that the bright O VI feature at about 19:40
UT is nearly absent in H I Lyα.
Left panel of Figure 6 shows an image of a CS in the high
temperature line of Fe XVIII observed on 2003 November 4
[Ciaravella and Raymond , 2008]. The CS brightens at the
time of the flare, moves southward by about 4◦, narrows and
fades over the course of many hours. The feature that fills
the slit at 19:48 UT is due to high background produced
by X-rays from this exceptionally powerful flare. For the
less intense events, difference images enhance the brightness
of the CME material. An example is shown in the middle
panel of Figure 6 where the front and the void of the 2003
November 2 CME can be seen in O VI 1032A˚ line. The O VI
emission brightens by about 20% at 09:00 UT. An example
of the UV emission detected by UVCS from flare O VI pho-
tons scattered from coronal O VI ions is shown in the right
panel of Figure 6, the O VI 1032A˚ line brightening from
17:12 to 17:29UT at 1.67 R⊙ is associated to a X class flare
detected by GOES at the solar west limb [Raymond et al.,
2007].
The interpretation section of each event in the catalog
draws a preliminary interpretation of the UVCS observa-
tions listing whether the front, void, shock, current sheet,
prominence, flare O VI, leg or helix were detected in the
spectra (see section 3.5). Finally the list of publications re-
lated to the event and some comments are included in each
single event page.
All information contained in the online UVCS CME cat-
alog is also included in the CDAW LASCO CME catalog,
available at the URL: http : //cdaw.gsfc.nasa.gov/CME list.
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In the page with the monthly list of LASCO CMEs, shown
in the bottom panel of Figure 2, UVCS is listed in the next
to last column for the events detected. By clicking on UVCS
the user will get the same page as in the UVCS CME cata-
log, described so far.
The online catalog can also be searched to select events in
a user–given range of dates, velocities, latitudes and Doppler
shifts, and/or to select events probably connected to X flares
and type II radio burst, or interpreted as signature of, for
example, shock, current sheet, O VI flare etc., the catalog
returns the list of the only CMEs meeting the search criteria
in a table similar to the monthly list in the catalog.
3.1. CME Statistics
The total number of CMEs detected by UVCS from 1996
April 1 to 2005 December 31 is 1059, including 16 events,
reported in Table 1, detected by UVCS only and therefore
not listed in the LASCO CME catalog. Over these events, 5
are so called narrow CME not definitively place into jet-like
or CME classification [Dobrzycka et al., 2003]. For 4 other
events, reported in Table 1, there is not a clear evidence of
relation to CME in LASCO catalog. In the same time pe-
riod the LASCO catalog used as basis of this work contains
10491 CMEs. It is important to note when comparing UVCS
and LASCO CME observations that UVCS observed mainly
collisionally excited lines, whose intensity is proportional to
n2
e
, while LASCO detects light from the solar disk that is
scattered by electrons, so that the intensity is proportional
to ne. For this reason massive fronts or dense prominence
material can produce a larger increase of the UV compared
with the visible emissivity. Otherwise, in case of faint events
the increase of collisional emission should be balanced by the
strong dimming of the radiative one, reducing the chance of
detecting the CME in the UV.
The distribution of the events as a function of the calen-
dar year is shown in Figure 7. The left panel of the figure
shows the total number of CMEs per year as compared to
the LASCO CMEs divided by 8, and the right panel the nor-
malized number of CMEs divided by the total observation
time per year (given in the top panel of Figure 1). While the
distribution of UVCS CME detections as a function of the
solar cycle is very similar to LASCO, UVCS detected about
one tenth of the LASCO CMEs. The UVCS field of view
given by the entrance slit, typically spans about 1/8 of the
360◦ range covered by LASCO and the duty-time of UVCS
is lower than LASCO because of the pointing and grating
mechanism movements. Nevertheless, there are many hun-
dreds of events quite bright in visible light not detected in
the UV emission despite the apparently coincident UVCS
pointing; indeed a detailed analysis of these cases, out of
the scope of this paper, is needed in order to understand
if the combined effect of CME speed and density makes no
significant changes on the spectra or very small changes that
were missed in our search. Moreover, some CMEs detected
by LASCO are very faint and UVCS observes preferentially
CME with higher mass and energy as shown in Section 3.3.
In the first year of scientific operation UVCS observed for
about 9 months during the minimum of solar activity catch-
ing only 5 CMEs, later the annual CME rate increases from
about 30 CMEs in 1997, still at solar minimum, to about
190 during solar maximum, in 2001 and 2002, then the rate
slowly decreases in the declining phase of solar cycle. The
lack of events in 2004 is probably due to the large time
spent observing at high latitudes, where CMEs are detected
by UVCS and LASCO less frequently (see below).
The instantaneous field of view of UVCS covers a 40′ strip
at a given polar angle and heliocentric height, as expected,
most of the CMEs were detected at the heights where UVCS
spent the most observing time, i.e. 1.6 to 1.7 R⊙ (see also
bottom panel of Figure 1). The number of detections as a
function of height, binned by 0.2 R⊙ is shown in the left
panel of Figure 8. Note that since the same CME can be
detected at several heights, the total number of detections
is larger than the total number of CMEs. Each CME on
average is detected at 2 or 3 different heights, and in some
cases (e.g. Ciaravella et al. [2000]; Bemporad et al. [2007])
it has been possible to determine for a single event the evo-
lution with the heliocentric distance of physical parameters
determined from UV diagnostics.
There are 31 CMEs detected at heights larger than
5.0 R⊙, and the largest height at which a CME was detected
is 7.9 R⊙ (1997 August 13). At large heights, the slit cov-
ers a smaller angular fraction of the field of view, and CMEs
are much fainter because of the rapid falloff of density as the
plasma expands. This is partly compensated by an increase
in the sensitivity of UVCS with height [Kohl et al., 1995].
In addition, UVCS observations at large heights are usu-
ally made keeping the same height for long time, collecting
a large number of exposures, that makes faint events more
easily detected. On the other hand, the observations below
1.5 R⊙ usually consist of a few short exposures enough to
obtain good statistics, but not optimized for CME detec-
tion, and for this reason we have a small number of CMEs
around 1.4 R⊙. In the right panel of Figure 8 we plot the
number of CMEs detected by UVCS per observation days
(24 hours) spent at each height (the observation time distri-
bution as a function of height is given by the bottom panel
of Figure 1). This plot gives the average expected number
of CMEs detected by UVCS per observation day as a func-
tion of height. Thus, within the statistical uncertainties, the
probability of catching a CME with UVCS does not depend
on the observation height.
The distribution of the number of UVCS CMEs as a func-
tion of the CME central PA is very similar to that obtained
with LASCO. In Figure 9 UVCS and LASCO distributions
are compared (LASCO numbers are divided by 8). The
number of CMEs detected decreases at high latitudes, al-
though about 6% of the events are located within ±15◦
around the poles.
Figure 10 shows the number of UVCS CMEs as a function
of the angular width determined by LASCO. Excluding the
halo events, the average angular width of LASCO CMEs is
about 55◦, while it is about 75◦ for the sub-sample detected
by UVCS. Counting CMEs with width ≤120◦, as Gopal-
swamy et al. [2009], because the true angular size is better
defined for narrow events, the average apparent width is
about 45◦ for LASCO and about 56◦ for UVCS sub-sample.
UVCS detects preferentially the CMEs with large angular
size as they involve a larger portion of the solar corona and
are therefore more likely to enter the UVCS field of view. In-
deed, in general UVCS detects about 1/10 of LASCO CMEs,
while in case of halo CMEs the ratio is 1/4. More precisely,
the number of halo events detected by UVCS is 106, which
represents the 10% of the sample, while only about 3% of
LASCO CMEs are classified as halo events. A study of the
properties of halo CMEs observed by UVCS has been per-
formed by Ciaravella et al. [2006] on a preliminary sample
of 22 events. On the other hand, events with small apparent
angular width are alternatively listed as coronal jets or nar-
row CMEs [Dobrzycka et al., 2000, 2003; Bemporad et al.,
2005], because they could be triggered by different mecha-
nisms, therefore not all of this kind of events are included
in the UVCS and LASCO CME catalogs.
3.2. UVCS CME Dynamical Properties
Each CME in the LASCO catalog is characterized by a
linear speed obtained by fitting a straight line to the height-
time measurements; the linear speed serves as an average
speed in the plane of the sky within the LASCO field of
view.
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The distribution of UVCS CMEs as a function of LASCO
linear speed is plotted in Figure 11. In black are UVCS data
and in grey LASCO data divided by 8. The average linear
speed of the sub-sample detected by UVCS is 596 km s−1
while for the whole LASCO catalog it is 472 km s−1. This
may be related to the fact that high speed CMEs tend to
be wider [Yashiro et al., 2004] and therefore more probable
to be detected by UVCS. Moreover, UVCS detects preferen-
tially more massive CMEs (see Section 3.3) which we tend
to be slightly faster, as we verified by studying the CME
speed distribution as a function of CME mass over the whole
LASCO catalog.
From the analysis of the variation of the spectral line
centroids at the time of CMEs crossing the UVCS slit it has
been possible to determine the Doppler shifts, i.e. the line
of sight velocity, for about 40% of the events detected by
UVCS. The maximum Doppler velocity detected for each
event is plotted in the left panel of Figure 12 as a func-
tion of the LASCO linear speed, which represent the CME
velocity in the plane of the sky. A wide range of Doppler ve-
locities are detected at all LASCO linear speeds. Over the
1059 events detected by UVCS, 262 CMEs show red shift
(speed away from the Earth), 268 blue shift (speed toward
the Earth) and 106 events show both red and blue shift.
Although the left panel of Figure 12 shows a wide range
of Doppler shifts for each LASCO speed, the larger line of
sight speeds correspond to the larger linear speeds as shown
in the right panel of Figure 12. In this plot we show the
absolute values of blue and red Doppler velocity averaged
over each LASCO speed bin. The bin size increases with
LASCO speed in order to increase statistical significance at
larger speeds (≥1000 km s−1), where only few events are
detected. At first glance, the small ratio of Doppler shift
velocity to LASCO speed suggests motions very close to the
plane of the sky. However, the LASCO speed pertains to
leading edge, while most of the UVCS Doppler shifts per-
tain to the slower prominence material in the CME interior.
3.3. UVCS CME Mass and Energy
LASCO observations detect the photospheric light scat-
tered by the CME electrons and provide a means to measure
plasma density, therefore, with a number of assumptions
a representative value of the CME mass [Vourlidas et al.,
2010]. The kinetic energy then is obtained from the linear
speed and the mass. There are generally large uncertain-
ties in these values, for example, Vourlidas et al. [2010] esti-
mated that CME masses may be underestimated by a factor
of 2 and CME kinetic energies by a factor of 8. In this pa-
per, concerning CME mass and energy, we are focusing on
comparison of the distributions from the whole LASCO and
UVCS sub-sample catalog.
Figure 13 shows the mass distribution of CMEs deter-
mined by LASCO for non-halo events, during the period
1996–2005 (gray bars) and that for the events in the UVCS
catalog (black bars). The average mass of the events de-
tected by LASCO is 3.89 ×1014 g while for the sub-sample
of CMEs detected by UVCS it is 1.05 ×1015 g. The dis-
tribution shows that UVCS detects more massive CMEs, as
massive events are brighter and/or wider making them more
easy to be detected by UVCS. High density CME cores are
often detected at large heights as they remain bright in spite
of their expansion. Since the LASCO catalog does not give
mass estimates for halo events, and halo events are more
likely than other CMEs to be seen with UVCS, the average
mass of UVCS CMEs given above is probably an underesti-
mate.
The distribution of the UVCS CMEs with the kinetic
energy computed from LASCO is shown in Figure 14.
As a consequence of Figure 11 and Figure 13 the aver-
age kinetic energy of the UVCS CMEs (1.22×1030 erg) is
more than three time higher than that of LASCO CMEs
(3.26×1029 erg).
3.4. Spectral Lines and Intensities
Table 2 lists the ions that have been detected in CMEs
by UVCS, the peak of formation temperature and the wave-
lengths of their spectral lines [Dere et al., 1997; Landi et al.,
2012]. Some of the listed lines are observed much more fre-
quently than others. The H I Lyα line is detected in about
78% of the events, the O VI doublet in about 73%, and H I
Lyβ and C III 977A˚ lines in about 20%. This depends on
the physical properties of the ejected material such as tem-
perature, density and outflow speed, but also on the selected
UVCS wavelength range (i.e. spectral detector masks). The
latter almost always includes the O VI doublet and H I Lyα
lines as the UVCS detectors were designed to have high sen-
sitivity at those wavelengths.
We studied the spectral line intensity distributions by
considering for each event only the heights where the CME
has been detected and selecting for each height the maxi-
mum observed intensity. The H I Lyα and Lyβ line intensity
distributions of the UVCS CMEs as functions of height are
plotted in the left and right panels of Figure 15, respectively.
As comparison the typical intensities in streamers at solar
minimum and maximum and in coronal hole are also plot-
ted. These reference values are determined from the UVCS
intensity Carrington maps used for coronal rotation stud-
ies [Giordano and Mancuso, 2008; Mancuso and Giordano,
2011, 2012]. The O VI 1032A˚ (left panel) and C III 977A˚
(right panel) line intensities in the UVCS CMEs are shown
in Figure 16. The O VI intensities are compared to the
streamer intensities at solar minimum and maximum, while
for the C III line, which is not a coronal line, the values for
stray light [Cranmer et al., 2010] and the limb values are
plotted. We note that the C III in CMEs, within 2 R⊙ can
reach intensity as high as the value observed at the solar
limb.
At almost all the heights the H I Lyα and Lyβ intensities
in CMEs can reach values more than two orders of mag-
nitude higher than the values detected in solar maximum
streamers at the same heights. The O VI intensity increase
in CME with respect to coronal streamer is slightly less pro-
nounced, but still about one order of magnitude or more. A
few events at the lower heights approach the quiet Sun disk
intensities of 5.2 × 1015, 4.1 × 1013, and 1.9 × 1013 photons
cm−2 s−1 sr−1 in those three lines, respectively. Line in-
tensities decrease with height as the ejected material moves
outward and expands, decreasing its density and therefore
its emission. In the brightest events, the plotted intensities
are underestimated, because the detector deadtime correc-
tion is probably significant [Wilhelm et al., 2002]. Moreover,
in the case of fast CMEs the integration time is longer than
the time spent by the dense plasma to cross the instrumen-
tal slit, therefore, the measured intensity could be reduced
by the fraction of the exposure time when CME plasma was
in the slit.
Thus, we infer that for brightest events the UV lines in-
tensity values determined by UVCS could be a lower limit of
the true values. However the majority of the events observed
in H I Lyα and O VI have intensity below the typical solar
maximum streamer, therefore they are detected in intensity
only by running difference time series.
Comparison of H I Lyα with C III and O VI lines indicates
that the brightest H I Lyα events are the ones with very low
temperatures, and this is often corroborated by narrow H I
Lyα line profiles. The high intensities are observed in small
regions along the UVCS slit, indicating that high densities
are also required. Both of these properties indicate that the
very bright material is prominence ejecta.
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3.5. Interpretation of UV Spectra
We examined the UVCS CME spectra for signatures of
specific CME features, such as shock waves and current
sheets. Because of the large number of events these classifi-
cations are not definitive, but they provide a starting place
for more detailed analysis and an approximate idea of the
frequency with which these features are detected. In many
cases a question mark indicates that there was some hint of
a feature, but that more analysis is needed.
We identified the CME front, or leading edge, when the
coronal lines brightened along much of the length of the
UVCS slit at a time corresponding to the passage of the
CME front seen in LASCO. Since the slit was often below
the height of the LASCO occulter, this required some esti-
mation. The CME front was clearly identified in about 15%
of the events, and possibly identified in another 17%.
The CME void, or cavity, was identified as a dimmer re-
gion inside the leading edge, corresponding to the dark area
seen in LASCO difference images. It is difficult to be cer-
tain about projection effects due to emission from the front
and back sides of the CME bubble. Diffuse high tempera-
ture emission was sometimes seen and taken as a signature
of emission from the void. For about 13% of the events the
CME void has been identified , and for another 12% it is
questionable.
The shock waves observed by UVCS have been character-
ized by larger line widths than the background corona in the
O VI doublet due to shock heating [Raymond et al., 2000;
Mancuso et al., 2002; Raouafi et al., 2004; Ciaravella et al.,
2005, 2006; Bemporad et al., 2010; Mancuso, 2011]. The
emission tends to be faint, and the signature of broad O VI
lines requires poor ion-ion thermal equilibration, so there
may be other shocks that we failed to identify. Of the 1059
events observed by UVCS, for 156 events there was a type
II radio burst, which could be associated with the CME be-
cause it has been detected in the same time window. In most
cases, UVCS did not detect the shock wave either because
the shock formed at a height above the UVCS observation,
because UVCS caught only a portion of the CME that did
not include the shock, or because the shock emission was
too faint compared to foreground and background emission.
Shock waves have been identified for 16 events observed by
UVCS, of these only 10 are associated with a type II radio
burst. Moreover, there are 83 possible detections of shock
fronts and more detailed analysis is necessary.
UVCS observations of current sheets are generally char-
acterized by a narrow feature along the UVCS slit that is
bright in high temperature lines such as Fe XVIII λ975 [Cia-
ravella et al., 2002; Ko et al., 2003; Bemporad et al., 2006;
Ciaravella and Raymond , 2008], though Lin et al. [2005]
identified a narrow feature seen in LASCO but faint in the
UV lines as a current sheet. In many cases, the Fe XVIII
line was outside the observed wavelength range, and bright,
narrow features in Si XII emission are identified as current
sheets (e.g., Aurass et al. [2009]). If there are cool cur-
rent sheets, they would generally not be identified. Only 24
events clearly show CS signature, but others 53 are ques-
tionable.
We identify cool, bright material as prominence ejecta.
The presence of low ionization states such as C III, N III and
O V is the most common indicator. About 38% of CMEs
detected show clear signature of prominence material, while
other 33% of events show possible prominence material. In
some cases, bright H I Lyα with a small line width indicates
an ion temperature far below coronal temperatures.
In some events, UVCS detects O VI photons that are
emitted from the flare and resonantly scattered from O VI
ions in the corona [Raymond et al., 2007]. This can be used
to measure the transition region emission during the impul-
sive phase of the flare. In UVCS data, this emission is seen
as a simultaneous O VI brightening all along the slit. It
vanishes when the CME reaches the slit, because O VI ions
within the CME are Doppler shifted away from the low ve-
locity emission of the flare. The intensity ratio of O VI 1032
A˚ to 1037 A˚ is 4:1, because the intensity ratio of the flare
emission is 2:1 and the scattering cross section of the 1032
A˚ line is twice that of the 1037 A˚ line. Johnson et al. [2011]
have made a more detailed analysis of the events listed in
the catalog and derived transition region luminosities for 29
events. There is a strong bias towards events quite close to
the solar limb, since the intensity of the flare emission in the
corona drops rapidly with distance from the flare.
The leg of the CME is taken to be the flank of the CME,
perhaps consisting of coronal material that is displaced and
compressed transversely rather than radially. It is often seen
as brightening of ions seen at normal coronal temperatures
that appears at one end of the UVCS slit when the position
angle of UVCS does not place it directly above the eruption
site. The brightening can move toward the center of the
slit, and in some cases it moves back later in the event as
the corona relaxes after the CME [Ciaravella et al., 2003].
For about 13% of the events the CME leg has been identified
, and for another 16% it is questionable.
In some CMEs, a narrow feature is seen whose pattern
of motion along the slit and Doppler shift indicates heli-
cal motion [Ciaravella et al., 2000]. This is likely to be the
twisting or untwisting of a filament, perhaps a magnetic flux
tube connecting the solar surface to the CME core. These
features are generally seen in cool ions, probably because
most of the bright, high contrast emission comes from low
temperature plasma. We identified helical structures in 18
events and there are another 59 possible helical structures.
The identifications of the features described above are
summarized in Table 3. The small number of shock waves
and the large number of prominence detections reflect the
sensitivity of UVCS to bright, localized emission compared
to faint, diffuse emission. The small number of definite cur-
rent sheets compared to the large number of possible ones
may reflect the fact that relatively few observations included
the Fe XVIII line. Further analysis, including comparison
with white-light signatures of current sheets and longer time
intervals after the CME, has greatly increased the number of
current sheets detected both in WL images and UV spectra
[Ciaravella et al., 2012]. The total number of these events
is 78, among which 28 show emission in Fe XVIII line, and
the others are detected in cooler lines.
Of the 1059 CMEs of the UVCS catalog, 646 were asso-
ciated with an X-ray flare which occurs in a narrow time
window around the CME onset, but, the NOAA event list
provides the coordinates on solar disk of only 392 of these
flares. Comparing the flares and CME positions we veri-
fied that 281 X-ray flares are also spatially associated with
the CME detected by UVCS. In some cases a flare occurred
behind the limb, and since UVCS is most sensitive to erup-
tions near the limb, a significant fraction should be backside
events. Over 281 events with clear association between CME
and X-ray flare 76 (23%) show a red-shift, and 98 a blue-shift
(35%), while over 413 without X-ray flare 95 (23%) show a
red-shift and 74 (18%) a blue-shift. A more detailed work
on single events reported in our catalog can help to extend
the understanding of CME association with solar flares, as
previously studied by Raymond et al. [2003] for three events
associated with X-class flares.
4. Summary
We have made a systematic search for CMEs in UV spec-
tra obtained with UVCS from 1996 through 2005. The
UVCS CME catalog contains 1059 events, or about on tenth
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the number of white-light CMEs in that period. The sta-
tistical properties of the UVCS and LASCO events are sim-
ilar except that UVCS tends to detect the more energetic,
more massive and wider events. The catalog includes a pre-
liminary categorization of the types of features observed,
including shock fronts, current sheets and prominence ma-
terial. Spectral lines covering the range log10(T/K)=4.5 to
log10(T/K)=6.9 are detected in the UVCS spectra. In a few
of the brightest events, the intensities approach the solar
disk values. While Doppler shifts above 1000 km s−1 are
sometimes seen, the average Doppler shifts are about 1/10
the speeds given in the LASCO catalog.
The UVCS CME catalog is available to the public on
World Wide Web, maintained and revised to include po-
tentially missing events and catalog users suggestions. The
present release in also embedded in the online LASCO CME
catalog. The data in the UVCS CME catalog will make it
easy for anyone investigating a particular CME to determine
whether there is useful UVCS data on that event. It also
provides a means to find events for which UVCS data can
provide especially strong constraints on theoretical models.
For detailed analysis and investigation we urge the user to
get the original data, directly linked and downloadable from
the single event web page.
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Figure 1. UVCS observations summary from 1996 April
1 to 2005 December 31. The top panel shows the total
observation time per year, the center panel the observa-
tion time as a function of the instrumental roll angle and
the bottom panel the distribution of observations as a
function of heliocentric height.
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Figure 2. Top panel: Main page of online SoHO/UVCS
CME Catalog as a matrix of year and months of observa-
tion. Bottom panel: Example of the CME monthly list
available at the SoHO/LASCO CME Catalog web pages.
The next-to-last column shows the availability of UVCS
observation for the event.
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Figure 3. An example of an image from the LASCO
C2 running difference movie with the UVCS slits super-
imposed, these movies are included in the UVCS CME
catalog web page of each event.
Figure 4. H I Lya 1216A˚ intensity image (left panel),
Doppler shift image (middle panel) and Line width image
(right panel) for the 2000 June 28 event. Labels A and
B in the left panel indicate the CME front and promi-
nence/core material, respectively.
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Figure 5. O VI 1032A˚ intensity image (left panel), Doppler shift image (right panel) for the 2000 June 28 event.
Figure 6. Left panel: Fe XVIII 975A˚ intensity image of
the current sheet (C) on 2003 November 4. The bright
feature that fills the slit (D) is due to high background
produced by X-rays from the powerful flare. Middle
panel: O VI 1032A˚ difference image for the 2003 Novem-
ber 2 CME detected by UVCS at 09:07UT. Front (E)
and void (F) can be seen in O VI 1032A˚ line. Right
panel: O VI 1032A˚ intensity image for the 2003 Novem-
ber 2 CME detected by UVCS at 17:12UT. Flare O VI
photons (G) scattered from coronal ions at 1.67R⊙ are
detected by UVCS from 17:12 to 17:29UT.
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Figure 7. Number of CMEs per calendar year observed
by UVCS (black) and LASCO (grey) during the period
1996 - 2005 (left panel). The number of LASCO CMEs
is divided by 8. The right panel shows the normalized
number of CMEs divided by the total observation time
per year.
Figure 8. Number of detections of CME material as a
function of the heliocentric heights (left panel). The num-
ber of CMEs observed by UVCS per day at each height
(right panel). The height range is binned by 0.2 R⊙.
The heights with large uncertainty are those less used for
UVCS observations.
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Figure 9. Distribution of the number of CME detected
by UVCS (black) and LASCO (gray) as a function of the
CME central polar angle. The number of LASCO events
is divided by 8.
Figure 10. Distribution of the number of CME detected
by UVCS (black) and LASCO (gray) as a function of the
CME angular width. The number of LASCO events is
divided by 8.
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Figure 11. Number of CME observed by UVCS (black)
and LASCO (gray) as a function of the CME linear speed.
The number of LASCO events is divided by 8.
Figure 12. Left panel: line of sight velocity as ob-
tained from Doppler shifts for each event as a function
of the CME speed in the plane of the sky determined
by LASCO. Blue and red bullets show the maximum
blue (incoming speed) and red shifts detected for each
observed event respectively. Black bullets correspond
to events for which the centroids of the detected spec-
tral line do not show evident shift from pre-CME value.
The absolute value of the Doppler velocity averaged over
LASCO C2 linear speed is in the right panel. The bin
size increases with LASCO speed, as shown by the x-axis
uncertainties.
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Figure 13. Number of CME observed by UVCS (black)
and LASCO (gray) as a function of the CME mass. The
number of LASCO events is divided by 8.
Figure 14. Number of CME observed by UVCS (black)
and LASCO (gray) as a function of the CME kinetic en-
ergy. The number of LASCO events is divided by 8.
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Figure 15. CME intensity in H I Lyα (left panel) and
Lyβ (right panel) as a function of the heliocentric heights.
For comparison intensities measured in streamer at so-
lar maximum and minimum and in coronal hole are also
plotted.
Figure 16. CME intensity in O VI 1032A˚ (left panel)
and C III 977A˚ (right panel) as a function of the helio-
centric heights. For comparison with O VI the intensities
measured in streamer at solar maximum and minimum
are also plotted. For the C III lines the stray light value
and the limb intensity are plotted.
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Table 1. UVCS CMEs not listed in CME LASCO Catalog
Date UVCS Roll Comments
1997/08/23 270 CME at 08/23 23:15UT at 290◦ not in LASCO catalog a
1997/09/30 225 CME at 10/01 01:29UT at 250◦ not in LASCO catalog a
1998/03/31 60 No evidence of transient in LASCO data b
1998/05/03 180 No evidence of transient in LASCO data b
1998/11/22 270 No LASCO data from 11/12 16:18UT to 11/23 21:36UT, 1998 c
1998/11/23 90 No LASCO data from 11/12 16:18UT to 11/23 21:36UT, 1998 c
1998/11/23 225 No LASCO data from 11/12 16:18UT to 11/23 21:36UT, 1998 c
1999/04/23 250 CME/jet at 04/23 22:30UT at 230◦ not in LASCO catalog a d
1999/05/09 90 CME/jet at 05/09 19:28UT at 95◦ not in LASCO catalog a d
1999/05/25 270 CME at 05/25 01:26UT at 270◦ not in LASCO catalog a
1999/06/27 330 No evidence of transient in LASCO data b
1999/07/07 135 Narrow blob, LASCO narrow bright feature 12:30UT, 135◦ a d
1999/07/11 270 No evidence of transient in LASCO data (possible active streamer)
narrow blob in UVCS b
1999/08/15 51 jet at 08/15 15:54UT at 45◦ not in LASCO catalog a d
1999/08/26 292 jet [Ko et al., 2005] d
1999/09/11 330 part of the extended outflows after the CME at NNW on 09/10
may correspond to a narrow limited-length jet-like material seen in C2 d
a 7 events. May be included in CDAW CME catalog.
b 4 events. Not clearly related to transient in LASCO data.
c 3 events. No LASCO data available (Nov 1998).
d 5 events. Jet or jet-like features.
Table 2. CME Spectral Lines observed by UVCS
Ion Wavelengths (A˚) log10(T/K) Comments
H I 1215.67, 1025.57, 972.54, 949.97 4.5
He II 1084.98 4.9
C II 1036.34, 1037.02 4.6
C III 977.02, 1174.93 4.8
N II 1084.56 4.6
N III 989.79, 991.58 4.8
N V 1238.82,1242.80 5.2
O III 597.82 5.0
O V 629.73 5.3
O V 1213.85, 1218.39 5.3 Density diagnostic
O VI 1031.93, 1037.61 5.4 Density diagnostic
Ne VI 999.18, 1005.69 5.6
Mg X 609.79, 624.93 6.8
Al XI 550.03 6.9
Si III 1206.50, 1303.32 4.7 Temperature diagnostic
Si VIII 944.47, 949.35 5.9
Si IX 950.17 6.1
Si XII 499.40, 520.67 6.9
S V 1199.14 5.2
S VI 944.52 5.3
S X 1196.25 6.2
Ca XIV 943.59 6.7 Current Sheet
Fe X 1028.02 6.1
Fe XII 1242.00 6.2
Fe XIII 487.06 6.2
Fe XVIII 974.86 6.9 Current Sheet
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Table 3. UVCS CMEs Interpretation
Feature Yes No ?
Front 163 719 177
Void 140 797 122
Shock 16 960 83
Current Sheet 24 982 53
Prominence 406 300 353
Flare O VI 33 993 33
Leg 129 758 172
Helix 18 982 59
